Withdrawal of sympathetic tone to the veins resulting in peripheral pooling of blood has been suggested as an important factor contributing to the decrease in cardiac output and hence arterial pressure that occurs during vasovagal syncope. However, no measurements of venous tone during syncope have been reported. In the course of other studies on the circulatory effects of negative pressure below the iliac crests, and 800 head-up tilt, vasovagal reactions occurred in 10 subjects. Heart rate, central venous pressure, arterial pressure, forearm blood flow, forearm vascular resistance, and forearm or hand venous tone were measured. The typical vasovagal reaction could be divided into two phases. A gradual fall in arterial pressure signified the onset of phase I, during which forearm vascular resistance did not change significantly. The duration of phase I was highly variable. The onset of phase II was denoted by an abrupt fall in arterial pressure and heart rate and a decrease of 62% in forearm vascular resistance, from 36 to 14 mm Hg/ml/100 g/min. However, venoconstriction rather than venodilatation occurred in the forearm or hand veins. Since central venous pressure did not change prior to or during the onset of the reaction, it is unlikely that venodilatation occurred in other vascular beds. It is concluded that two of the major mechanisms responsible for the hypotension of vasovagal syncope initiated by orthostasis or lower body negative pressure are bradycardia and dilatation of the resistance vessels. In contrast, it appears that the venous bed, by constricting, tends to maintain filling pressure and thereby cardiac output, and thus works in an opposite direction.
scribe the circulatory alterations responsible for the production of the syncopal reaction.
The now classical studies of Barcroft and associates4 as well as those of Barcroft and Edholm5 afforded a more comprehensive picture of the circulatory changes that occur during a faint. Syncope was induced by a combination of venesection and inflation of occlusive cuffs around the thighs. With the onset of symptoms, arterial pressure was found to decrease, while changes in cardiac output were inconsistent. Since the fall in pressure far exceeded any fall in output, these investigators hypothesized that vasodilatation must have occurred. It was also observed that during the fall in arterial pressure forearm blood flow usually increased, signifying a decrease in forearm vascular resistance.
In addition to the emphasis placed on arterial dilatation as the cause of systemic hypotension during syncope, other investigators, who demonstrated that cardiac output fell significantly, suggested that venodilatation also played an important role by reducing cardiac filling and thereby, through a fall in cardiac output, contributing to the fall in arterial pressure. 8 Figure 1 The circulatory efects of vasovagal syncope occurring during 800 head-up tilt.
(A) About 2 min after a deep inspiration, arterial pressure slowly begins to fall. During this phase (phase I) venous tone (as measured by venous pressure in the occluded limb) increases. A more rapid decrease in arterial pressure eventually occurs accompanied by a fall in heart rate. During this phase (phase II) venous tone continues to increase. After resumption of the supine position heart rate remains slow, and the subject is uncomfortable despite a return of arterial pressure to control levels. The subject becomes asymptomatic as the heart rate increases to control levels and the arterial pressure rises further after the intravenous administration of atropine.
(B) Venous tone remains essentially unchanged until arterial pressure falls rapidly; at this point a large increase in venous tone occurs. Central venous pressure is stable throughout the course of the reaction.
in an airtight box, and pressure within the box is decreased to 60 mm Hg below atmospheric pressure over a period of 1 to 1T1 min.1 As soon as arterial pressure and heart rate began to fall precipitously, either the subjects were returned to the supine position and their legs elevated, or atmospheric pressure was rapidly restored in the box. These maneuvers quickly reversed the changes in heart rate and arterial pressure except in one subject to whom atropine was given to counteract a persistently low heart rate.
On the basis of the rate of decrease of systemic arterial pressure the vasovagal reaction was divided into two distinct phases. Phase I consisted of a slow decrease in arterial pressure fig. IB) . Although phase I may be extremely brief or may extend over several minutes, its distinguishing characteristic is a gradual decline in arterial pressure.
The cause for the decrease in pressure during phase I is not known. Arterial dilatation could produce such a change; however, forearm vascular resistance showed no consistent alterations during phase I. Since it has been shown that limb volume progressively increases during head-up tilt23 or during negative pressure applied to the limb,24 it is possible that pooling of a progressively greater proportion of the total blood volume in the legs occurred during phase I, which in turn led to a gradual fall in cardiac output. The finding that central venous pressure did not change noticeably during this phase does not necessarily rule out such a possibility, since it has been shown in animals that changes in filling pressure of a magnitude probably too small to be appreciated by the techniques used in the present investigation can lead to significant changes in cardiac output.25
It should also be emphasized that venous pooling secondary to an increased capacity of the veins of the legs during orthostasis or lower body negative pressure is not incompatible with the observation that venoconstriction, rather than venodilatation, occurs during vasovagal syncope. For example, as a result of the increase in the transmural pressure that occurs in the veins of the legs during head-up tilt or lower body negative pressure, the volume of blood contained in any venous segment can increase simply by ascending along the venous pressure-volume curve without a change in the pressure-volume relationship or compliance. Thus, an increase in the proportion of the total blood volume contained in the leg veins as well as the extravascular fluid compartment of the lower extremities may be an important factor in the production of the fall in arterial pressure during phase I despite the fact that an alteration in the actual compliance of the capacitance vessels does not appear to occur.
The time of onset of phase II is unpredictable, but when it occurs, the circulatory changes that characterize it can be described as almost catastrophic. There is a sudden, apparently simultaneous fall in heart rate, forearm vascular resistance, and arterial pressure. Moreover, it appears that the circulatory changes occurring during phase II will almost certainly continue unabated and unconsciousness will ensue unless lower body negative pressure is released quickly or the subject is tilted back to the supine position with the feet elevated.
Thus Ap-ri 1968 of the left ventricular apex.32 3 In addition, it has also been shown that in patients with certain types of cardiac disease obliteration of the apex of the left ventricle and the development of high pressures in this portion occur as a result of interventions which decrease ventricular dimensions, and that the induced pressure gradient can be increased considerably by an infusion of isoproterenol.37 ' 38 On the basis of these considerations it is postulated that, in syncope induced by interventions which decrease effective blood volume, the combination of a diminution in ventricular volume and increase in sympathetic tone results in an increase in ventricular wall tension. Such an increase in ventricular wall tension may then trigger a depressor reflex initiated by intracardiac baroreceptors,39, 40 a mechanism similar to that proposed by Sharpey-Schafer and co-workers18 to explain syncope induced by emotional stress. 
